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Hyde, Krista L., Jason Lerch, Andrea Norton, Marie Forgeard, Ellen Winner, Alan C. Evans, and Gottfried Schlaug.
“The Effects of Musical Training on Structural Brain Development.” Annals of the New York Academy of
Sciences 1169 (July 2009): 182–86.
The maintenance of neuro plasticity can serve as a preventative and even protect against cognitive decline.
Playing music is both a multisensory, and motor experience that structurally changes the brain. In this study structural
brain changes, as well as increased audible and motor skills, are demonstrated after 15 months of musical training in
early childhood. This not only emphasizes the need for musical training in schools but emphasizes the relevance of
music as treatment for cognitive decline; Learning an instrument promotes and maintains neuroplasticity in the
developing brain.

Arenaza-Urquijo, Eider M., and Prashanthi Vemuri. “Improving the Resistance and Resilience Framework for Aging
and Dementia Studies.” Alzheimer’s Research & Therapy 12, no. 1 (April 14, 2020): 1–4.
Pathologies are the science of the causes and effects of diseases; Some adults are more equipped to deal the
high burden of neuropathologies gained later in life. This article discusses the idea of resistance vs resilience, and how
that plays into our neurological deterioration or lack thereof. The resilience that we demonstrate against cognitive
decline later in life is developed from early adolescence and throughout adulthood, and is primarily concerned with
initial brain reserve, brain maintenance, and cognitive reserve. If you begin life with greater initial neurobiological
capital, maintain and improve your brain structure, and then continue to develop your neuroplasticity you will have a
higher resilience to pathologies at an older age. Resilience stems from differences in an individual's brain structure
and is less a response and more so a result. By understanding how these structural brain differences deter cognitive
decline one can begin to see the necessity of preventative measures such as early childhood music programs in schools,
and community orchestras.

Altenmüller, Eckart, Wilfried Gruhn, Dietrich Parlitz, Gundhild Liebert. "The Impact of Music Education on Brain
Networks: Evidence from EEG-studies." International Journal of Music Education Os-35, no. 1 (2000): 4753.
In This article neuroscientists discuss the relationship between music and the brain, and the breakdown of
information processing while playing music. By understanding the division of the cerebral cortex into specialized
areas, then into sensory/motor areas and association areas within that, and finally into primary, secondary, and tertiary
areas, one begins to understand that during music making you execute the highest integration of sensory motor
integration. If the EEG technology used by these scientists supports, the neurological benefits of music then it further
highlights the importance of music in adolescent education.

Hanna-Pladdy, Brenda, and Alicia MacKay. "The Relation Between Instrumental Musical Activity and Cognitive
Aging." Neuropsychology 25, no. 3 (2011): 378-86.
It is known that intensive repetitive musical practice can lead to bilateral cortical reorganization, but whether
the sensory motor, and cognitive abilities exercised in making music was transferable is not as clear. In this study 70
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older healthy adults with varying musical experience completed a comprehensive neuropsychological battery test;
Musicians scored higher, or those with musical training scored higher suggesting a strong predictive effect of high
musical activity throughout the lifespan on preserved cognitive functioning in advanced age. This reinforces the idea
of building “Resilience” in the human brain through lifestyle, and further emphasizes that the skills and pathways
created from music making can benefit one in all aspects of life. It is imperative that we incorporate music into both
our adult and early adolescent life.

Flohr, John W., and Donald A. Hodges. "Music and Neuroscience." In MENC Handbook of Musical Cognition and
Development, by Colwell, Richard, edited by Richard Colwell. Cary: Oxford University Press, 2006. Oxford
Scholarship Online, 2011.
This study highlights the idea that nature or nurture alone do not determine brain development but rather the
interaction of ability, environment, and the variability in individual differences. Through the study of PET Scans,
MRIS, and SQUIDS Flohr concluded that despite the extreme amounts of growth and activity during adolescence,
evidence suggests room for change in the brain later in life. This emphasizes the idea that something like music, that
would increase neuroplasticity and help to reconnect different regions of the brain is potentially a highly effective
treatment for cognitive decline.

Willis, Sherry L. "Cognitive Plasticity: Findings from Cognitive Training Studies." Annual Report of Meiso University
28 (2010): 37-49.
Cognitive Plasticity refers to an individual’s ability to acquire cognitive skills and can be assessed through
brain structure and behavior. This article studies cognitive training research from a unique longitudinal perspective
which gives us developmental context. The study concluded that two types of developmental subjects, those
experiencing prior decline and those who had remained stable demonstrated significant training improvement. It
challenges the assumption that old age must involve cognitive decline, and emphasizes the multidimensional nature
of plasticity: Growth, stability, and remediation. The capacity of the stable subjects to achieve cognitive improvement
later in life asserts the idea of potential cognitive growth or gain at all ages. This promotes the idea of resistance and
reinforces cognitive training and lifestyle changes as effective preventative measures as well as treatment. If we know
cognitive abilities can be trained then, we can continue to cement the place of music in early curriculum and therapy
later in life.

Román-Caballero, Rafael, Marisa Arnedo, Mónica Triviño, and Juan Lupiáñez. “Musical Practice as an Enhancer of
Cognitive Function in Healthy Aging - A Systematic Review and Meta-Analysis.” PLOS ONE 13, no. 11
(November 27, 2018): 1–23.
This article describes the impact of musical practice on healthy neurocognitive aging. The review included
13 studies, and the meta-analysis showed cognitive and cerebral benefits of musical practice, in both domain-specific
(auditory perception) and domain-general functions. It states that musical practice improved compensatory cognitive
processes (specific compensatory mechanism), and preserved general functions such as perceptual capacity,
processing speed, inhibition, and attention (general compensatory mechanism). This study is relevant because it
emphasizes the ability of musical practice to reduce the impact of cognitive decline associated with aging, and further
reinforces the how imperative music programs are from early childhood throughout our adult life.

Schneider, Catherine Elizabeth. "Music Training as a Neuro-Cognitive Protector for Brain Aging: Cognitive and
Neuropsychological Profiles in Professional Musicians." PhD diss., University of Kentucky, 2018.
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Cognition is defined as the mental action or process of acquiring knowledge and understanding through
thought, experience, and the senses. It is important to understand that cognition is not just a one step process and
requires the use of many different systems. Cognitive processing includes various elements such as cognition,
attention, memory, and learning, and is completed through input acquired from five sensory systems (tactile, taste,
smell, visual and aural). Just as music is a multisensory activity so is the act of learning. In this dissertation Schneider
explains the brain’s complex functions and structures and maps out the brain over time discussing how music
specifically affects the brain at different developmental stages. A basic understanding of this allows us to understand
why music is considered one of the highest forms of inhibition and a multisensory exercise for our brains and shows
the positive effects that it can have all throughout life. Protecting your brain is not something that is done overnight
but built throughout a lifetime.

Wilfried Gruhn, and Francis Rauscher. “The Neurobiology of Music Cognition and Learning.” In the New Handbook
of Research on Music Teaching and Learning: A Project of the Music Educators National Conference. Edited
by Richard Colwell and Carol Richardson. 445 -461. New York, NY: Oxford University Press, 2002.
This study focused on adolescent brain development and found structural differences in brains of musicians
and non-musicians. The article provides a short background of neurological development and cognition and goes on
to discuss in depth the idea of music induced brain plasticity. The study concludes that early music engagements affect
the brain's pitch, and auditory processing regions, but emphasizes a lack of research on the adult mind, which matures
until death. This study reinforces the positive long-term effects of music in adolescent development, and possibility
for music for development later in life. Through this article we can further understand the idea of resilience being built
over a lifetime.

Tan, Sean Hong, Venkatanaidu Karri, Nicole Wuen Rong Tay, Kuan Hui Chang, Hui Yen Ah, Phui Qi Ng, Hui San
Ho, Hsiao Wai Keh, and Mayuren Candasamy. “Emerging Pathways to Neurodegeneration: Dissecting the
Critical Molecular Mechanisms in Alzheimer’s Disease, Parkinson’s Disease.” Biomedicine &
Pharmacotherapy 111 (March 2019): 765–77.
Aging is often discussed alongside neurodegeneration and associated with diseases like Altzheimers and
Parkinsons disease. In this article the neurological pathways developed with these diseases are broken down, and the
commonalities between them are discussed. By gaining a deeper understanding of these pathways the reader is able
begin to scientifically understand what we are trying to combat with music. Music can be used to protect against these
diseases and potentially even repair these neurological pathways.

Moreno, Sylvain, and Gavin M. Bidelman. “Examining Neural Plasticity and Cognitive Benefit through the Unique
Lens of Musical Training.” Hearing Research 308 (February 2014): 84–97.
Music offers distinct perceptual and cognitive benefits not seen in other forms of cognitive training or
experience and is unique in its modification of a hierarchy of brain structures. In this article we see the benefits of
music exposure in both subcortical and cortical levels, as well as its influence in the high-level cognitive functions of
language, intelligence, attention, and memory. The research gathered emphasizes structural and behavioral changes
and concludes that “Music-induced plasticity is best conceptualized as a multidimensional continuum where transfer
effects are defined by the level of processing (sensory to cognitive) and distance of transfer from the auditory domain
[near (specific) to far (general)].” By highlighting the impact of music on various levels of the neural system, the
article emphasizes that a deeper understanding of music and the brain could further increase the impact that music is
able to have on listeners. This is not only important because it shows that music is helpful, but it emphasizes the
necessity of both research on the topic as well as music’s place in society.
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Jordan, Catherine. “When I’m 64: A Review of Instrumental Music-Making and Brain Health in Later Life.”
Experimental Gerontology 123 (August 2019): 17–23.
This article highlights the importance of healthy lifestyle choices later in life and creates a clear distinction
between music making and other activities such as singing or listening to music with regards to their cognitive impact.
Their study found that high activity musicians outperformed non musicians, and long-term musicians outperformed
more recent musicians. However, Jordan also studied the impact of music as a viable intervention for brain health and
unique from most other studies discussed the impact of music on quality of life. The article concludes that while long
term music practice creates structural differences, short term music studies as an adult have a profound impact on
quality of life. This is especially important because it emphasizes a side that science misses, which is the need for
humans to interact with other humans. Music builds resilience but also creates community.

